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SUMMARY AND CONCLUSIONS 

i  .; •,-, 

Many calculations in respiratory physiology involve 
the assumption that alveolar air hss a temperature of 37 
degrees G and is completely saturated with water vaporo 
<5he determination of the pressures of oxygen and carbon 
dioxide in the alveolar air, for examples  requires correc- 
tion for water vapor pressure« Furthermore,- in relating 
"äTvoöläSTgas pressures to the tensions and volumes of gas 
in the blasd leaving the alveolar capillaries, it is cus= 
tomary to refer to dissociation curves established at 37 
degrees Co While there is little reason to suspect that 
alveolar air and pulmonary capillary blood fail to reach 
general body temperature under normal external environ** 
mental conditions, there is a possibility that lung tem- 
peratures may be lowered when extremöly cold air is 
breathed» Such lowering of the temperature of alveolar 
air would, if present, alter the standard correction *.\;r 
water vapor pressure and might even lower the temperate > 
of alveolar blood in capillaries, thus causing a shift li- 
the oxyhemoglobin dissociation curveo 

~M 

1 
The present study was undertaken to provide direct 

observations on temperature and humidity "of'sir in the— 
mouth, trachea, and right main bronchus of a human sub- 
ject o Measurements were taken both when the subject 
breathed air at room temperature and when he breathed 
oxygen which was cooled to low temperatureso 
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An instrument. "Was designed wherein two thermocouples 
were to be placed in a semi-rigid rubber catheter (one 
thermocouple to be covered with ä Wet wick) for insertion 
into the right main bronchus <, By placing the thermo- 
couple junctions in the. wide, bell-shaped part of the 
catheter, arid inserting that end firsts the junctions were, 
kept suspended in air and not allowed to touch surrounding 
tissues a Air holes were cut in the bell-shaped part of 
the catheter so that a stream of air could pass over the 
junctions; in this way the wet and dry temperatures would 
be those of the air rather than of the tracheae 

Const ant an and chrome 1»P vrere specified as the two 
metals for the thermocouple construction, since we 
desired (1) low specific heat of materials so that a low 
heat capacity would facilitate a rapid response, and (2) 
a low thermal conductivity so that the temperature at 
the junction would not be affected by contact of the 
wire"with other materials of different temperatures at 
points other than the junctions themselves-* We also 
desired very fine wires in the thermocouples in order 
that the heat capacity would not be raised by the in-, 
creased mass of metal« 

1 AFPAKATftS 

The supplying of extremely cold air to the subject "^ 
>_•_       introduced practical difficulties thiefck «ere avoided by ? 
Z'                 substituting oxygen» In previous testing it hjad been j 

found that the gas leaving the evaporating cjbamber of an ' f 
_      atmospheric type liquid oxygen converter became progress J 

sively colder if the oxygen, were allowed t(o flow at its -3 
maximum rate for an extended period of tip». In the 

^f      present studies a Mathier-iSilän converter was used a.s. a 
f:       source of sold oxygen» A. standard Savy A»lg. dilutes 

denÄnd oxygen regu-Xator was introduced iwftothe system 
between the liquid oxygen convert^ sn4: •&& &~14 mask». -« 
For approximately l/2 hour before each experiment the ] 

*       diaphragm of the regulator was depressed ti& allow maxi-* 4 
?*-      mal flowo During this time the evaporating chamber and \ 

then the regulator and tubing gradually beejame frosted     . j 
r       overa This outer layer of ice served as insulation pre* 1 

venting räpiö warning of the oxygen as it flowed from * 
the converter to the mask> The temperature :o£ jkh« ,ga^      j 
at the time it wa3 inspired by the subject was measured 4 

'—       by means of a thermocouple inside the mask and was found J 
to be =56 degrees C in our experiments. J 
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:- Powell (17) had show in 1956 that thermocouples 
could be .used for psychrometric purposes, and that the 

:      response «as much more rapid than for the conventional 
wet^dry bulb thermometer type of\ psyohroraeter. His 

c.       data show that in unventilated air» the thermocouple 
11      psychrometer gives a relative humidity higher than the 
Jf calculated value by about B to 5 percent over most of 

vthe range, but at values approaching saturation fä<»H»s 
97 percent), the reading; is only 0.»5 percent high. 
This, discrepancy is obviated by vsntilafeion^ 

The instrument was constructed for us by Professor 
M» K. Fahnestocfc of the Engineering Kcperiment Station 
of the. University of Illinois (Pig. 1). It was due to 
his suggestion that a switch was incorporated which 
enabled uä to read directly the dAfferehce between dry 
and wet temperatures (A?)« A cotton broadcloth wick 
Was fashioned to cover the. junctions of one of the 
therjaooouples» This was wet with distilled water prior 
to any measurements, and this Wet function was placed 2 
mm proximal to the dry junction jy shortening the length 
of the Mwetw thermocouple <. This practice was? recommended 
by^Eowell (171 ln_Qrder> t^preveiit the freshly vaporized 
water from affecting the dry reading•"" 

Thirty*four—gauge —wire was aise-d~far—hoih^the coa?»_  
stantan and chromel-P wireo Thermal potentials were 
measured by means of a Leeds and Northrup type K-2 poten- 
tiometer, using the XäW type x%  galvanometer as a nul-l= 
point indicatorq This galvanometer has a period of 2„8 
seconds and a sensitivity of .0025 pa/ram at a distance 
of 1 m. With this arrangement, a sensitivity of better 
than 0o01° C was obtained. Actually, it was found that 
the physical system was capable of an accuracy much 
greater than that al?-wed by the physiological variables. 

The introduction into the right main bronchus of 
the catheter containing the thermocouple was accomplished 
on both occasions by Lt. Comdr. Joseph K. Bradford (MC) 
üSNRo The subject received 100 mg of nembutal and 1,2 mg 
of atropine sulfate by mouth approximately 1/2 hour before 
the"procedure l?ttS startsd* Surface-aasstlieaia was ob- 
 •hkit.wflA .mi-bh 2 percent larocaine during the first experi- 

ment and 5 percent larocaine during the second. The 
cathoter was passed between the vocal cords with the help 
of indirect la-r-yngoscopy and was then advanced until it - 
was estimated that the tip lay in the right main bronchus* 

- 2 - 
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The anesthesia was not completely satisfactory, and 
difficulty was encountered in passing the dilated bell« 
shaped portion of the catheter between the cords« In 
each case however, the thermocouples were finally placed 
i» the desired position after a few unsuccessful attempts» 
The thermöeouplea were left in place for 15 to 20 minutes 
<m both occasions* Much sticky mucous was present from 
the start but appeared to Increase with time» 

RESULTS 

3 

,  i 

_After calibrationof the thermocouples with regard 
to temperature and humidity, a test was made to ascertain 
the rapidity of the response to the changes involved in 
the different phases* The catheter was placed in a rubber 
tube that had an inner diameter slightly greater than 
that of the trumpet end of the catheter« By having a sub- 
ject expire through this tube in various ways, it was 
found that the response of the thermocouples was suffi- 
ciently rapid» 

Table I shews that the expired air leaves the throat 
at about S5Q 0, and is almost saturated with water vapor 
at this temperature. Apparently, the first part of the 
^dead-space11 air is less saturated (87$)» 

Table 2 lists the data obtained from the first ex- 
periment in which the catheter containing the wet and dry 
thermocouples was inserted into ths right main bronchus^ 
It can be seen that the inspired air reached body tempera- 
ture even during hyperventilation of cold, dry cxygen from 
a Mathis-Milan liquid oxygen generator at -36° C. The con-» 
sistency of the aqueous vapor tension data appears inter- 
esting, but the authors fear that much value cannot be 
attached to them. The holes in the catheter, provided for 
free air passage, became plugged with mucus, and the wet 
temperature as well as the dry temperature readings re- 
mained constant during the different phases of respira- 
tion. One possible explanation of the unsaturation under 
these conditions is that the humidity readings were a 
measurement of the air in the trumpet-shaped end of the 
catheter, which in turn would probably reflect the aqueous 
vapor pr-essurs of the mucus plugging the holes, in the 
catheter wall* ' 

It will be noted that the lung air temperature was 
about a degree higher than "normal" body temperature.) It 

SPt~ 
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,- is believed that' the subject?a body temperature was | 
v raised by the coughing during the introduction &f the 4 
£ catheter* is 

t 
5!able 3 presents the data obtained during a second »| 

experiment with the tharsiocoupXes in the right maia 1 
bronchus,* A higher concentration of the anaesthetic- ''-j 
was used» and also the temperature of the inspired air 5<? 
was measured at different levels in the trachea while J 
the subject breathed dry oxygen at «^21° to «25° CU in J 
tails seriesj, it %ill be noted that the lung air tämBera» 
fcure did not deviate significantly from the "normal"* 
body temperature of 37 0» 

':J 

i 

___  The cements made concerning the unreliability of 
the water-vapor data of the? first trachea! exp.erifflent 
may be repeated in a discussion of the seconds Here 
again there was no deviation of wet or dry temperatures 
after the catheter had reached the right main bronchu^ 
and again it was noted that the holes cut in the 
catheter wall were filled with mucuso 

»T-scDSST,nw 

The experimental results with the thermocouples in 
-.        the mouth should not have been affected by the poor 
*f- ventilation which influenced the results with the thermo.• ^: 

couples in the right bronchus0  It was noted that the 
£_        expired air was almost completely saturated with water ._l. 
=7        vapor9 and these" results are in close agreement with those -\ 

of Liljestrand and Sahlstedt (10) who v>eighed the expired 
water vapor absorbed by desiccants« -** 

The aqueous saturation observed in all three of our 
' c    experiments indicates that the water vapor content of 

expired air is independent of the rate of respiration-, 
a fact already noted by Spsalman (15) in connection with 
his calculations of heat loss through the lungs as a 
result of water evaporationo \ 

While the vapor pressures in the right main bronchus 
are admittedly open to question for reasons already given, -* 

—        the temperature data appear to be reliable <> The fact _ 
that we found cold (=36ö 0) dry oxygen warmed to body *_. 
temperature, even during hyperventilation is quite in 

=*•-       keeping with the results of Moritz and Weisiger (11) who 
=i~        made thermocouple measurements of the tracheal air of ..! 

\'0  ! => 4 •= 
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anaesthetized dogs while the animals were breathing; air 
v       at temperatures as low as ^100° C for periods of time 
I                  ranging from 20 to 133. minute a. While the in&piratory 

temperatures at the larynx in their experiments were, 
sometimes as low as »50" 0*. they were, never lower than, 
*18° 0 at the bifurcation of the trachea<>. These authors 
concluded that it is unlikely that any significant injury 

|T      to the air passages or lungs, in man; would result from 
-      breathirvg air at any degree of coldness encountered in 
=      non-experimental conditions» the results of the present J 
f^       experiKelac's subSta«ti^fc'Sr» whafS^Fxe^.-:—     — -   —-   53 

At the Banting Institute an experiment similar to \ 
that done- by Moritz and Weisiger was performed,, except. .] 
that thermocouple temperature measurements were mad® of *=t 
the tracheal wallo Inspired air colled to, »62/Q bed no '$ 
effect on the tracheal temperatures of anaesthetized dogs* \ 

t, 

v - 
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In. 1927 Binger and Christie (4) and Orzagh and 
Buboezky (.12") inserted thermocouple containing needles 
directly into the lungs of anaesthetized dogs during 
normal breathing at- room temperatures and found the 
lung and pleura! tissues to be slightly löwer than rec- 
tal temperatures» She former authors obtained a differ- 
ence of Qo3 to 0o4° G while the latter noted 0oi to 0o2 , 
C.« 

-The- various experiments-: which have been performed. 
lead to the' conclusion that breathing cold air does not 
lower the temperature of alveolar air appreciably except 
under conditions much more. vigorous than those of the 
experiments reported hereo Since the chilling effect of 
air becomes less at high altitude, there is little possi- 
bility that effects upon the alveoli of physiological 
significance will be encountered in aviation medicine<, 

t^r 
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TABLE 1 

Temperature and Relative Humidity of Expired Air» 
Subject Expiring Through Rubber Tube 

.niVi-*"»-.    n»..j.ki>.    i4«    «4-    OK   GO    r> HÜXXC     iSi-OCJ.Uiia.115c,    OH'    a«     «SOoSS v> » 

tm 

i r 
t 

Ao Breathing through nose« only last part of expiration 
("alveolar airM) passing through tube,. Thermocouples 
near front teeth» 

Dry 
Tempo 
°G 

34 o9o 

A 
Temp. 

Wet 
Temp o 

TA     Q C 

pHgO Exp, 
mm0 Hg 

41 „82 

Relative 
Humidity 
Percent 

89*4 

Bo Same äs A, except first part of expiration passing 
through tube0 

Dry      A     WQt Relative 
Tempo •  Temp»   Temp»    pH20 Exp0    Humidity 
QQ      °G  ,    PC      mm. Hg|0|    Percent 

34o88   2o42 32,46 36 „47 8.7,, 1 

Co Same as A.* except thermocouples near pharynxo- 

Dry      &     Wet 
Temp 0        Temp «   Temp„ 

oC °0      °C 

Relative 
pH20 Expo    Humidity 
mm. Hgo     Percent 

35o50   0„47 35o03 42*17 97o5 

m: 



TABLE 2 

Temperature 
Right 

and Relative Humidity Measurements in 
Main Bronchus*o Hirst Experiment« 

Breathing 
xype rtouce, 

Nose 

c 

iaopii'cu 
Air Temp» 

T1_  

Temp» 
«A 

Temp? 

•ii*- J- 
ntsii 

Tempo 
Gc__ 

36 „74 

pHpÖ . 
mm*Hß 

46o39 

RoEo 

Normal »24-o2 37*82 lo08 94 ol 

Hyperverio Mouth -24 o2 37Y96 lo06 36o90 46o75 94 ol 

Hypervetio ,N$se ^36 o 5 37«r32' 0o98- 36o94 .46*87 94,o 9 

Normal Möüth ~36,o5 37 o 8)1 ' lo09 3gö7r2 46 o3? 94-ol. 

Normal Nose 422 »4. 37 »95 lo09 3.6 086 46o67 -**4 
Hypärveiio Mouth ^22 o4 38ol0 Xd37 36o73 46o34 93oO 

Hyperven o Nose #22 o4 37075 Xo26 £5 049 45o75 93o2 

Normal Mouth *22.o4 37o70 1 o2.6 36o44 45 «62 93 o 5 

p 
l/S hour after experimentt 

Mouth Tempo » 3605° C Rectai Temp0 = 3608° C 

-J, ; I 



i TABES •:* '. 

1 -I 
Temperature and Relative Humidity Measurements in <t 
Trachea and Bight Main Bronchus.-* Second Experiments      -      •' 

Breathing 1 
Location—      ~~ " Inspired    Dry        «&     'wet      pffgO      « f: 

i- of JPhegmo-   -_ Air._Iä®Bo. Terapo__ T§mp0. T©SPa    §pU SoH,o -f 
! couples    a     Phase-/Type      Route  __3 °S      _f<L_ -?&       Hg     f ~{ 

Glottis Insp,    Hyper»; Mouth    =21,0        5So80      ? 

4" Below 
Glottis Ihspo    Hypero Mouth    ~24*2        37 «05 

i 

'4 
Rto Main , • * 
•Bronchus       Insp»    Hyper0 Mouth -24<>2        37o©3 0o60 35«'     45.o63 960;§ j 

•    - 1 
Rto Main '! 

"Bronchus      Expo      Hyper0 Mouth ~25<>G        3.6095 0o64 S6»31 45» S3 96 0.6 j 

I.nsp0   '                                                                                                                 . i 
and =* 

Exp-o       Hyper o  Mouth •*2S.o2         37o04 0o-73 36 „31 4So31 96 „0. 4 

_-    _                              Normal Nose *2js2         37fi2'5 0^77JJ6o48 45=76 95o^6 2 ----- _______ -     - _ _ _   _     _ __ _ __  —     __^ 

Normal Nose <=21o5        '37ol2  0o78 36c34.45o38 95o8 ~ 

Mouth Teuro.,  s 360S° C                                                          -       . '  - '{; 

to 
tat ; 
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